Salmonella typhi antigens D, Vi, and d were detected in the urine of 59 out of 61 (97%) bacteriologically confirmed typhoid fever patients by slide coagglutination with monovalent antisera coupled to protein A-rich staphylococci. These antigens were also detected in the urine of an additional 22 patients, 16 of whom subsequently demonstrated seroconversion by S. typhi 0 antibody agglutination, but from whom the bacterium was not isolated. The remaining 13 patients had negative urine coagglutination results, no isolation of S. typhi from blood or stool specimens, and no demonstration of seroconversion. These results suggest that the method of slide coagglutination of urine can be used to screen patients with suspected typhoid fever with a high degree of reliability. The method may also have potential importance in the diagnosis of typhoid when the bacterium is not isolated.
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Typhoid fever, although steadily diminishing in importance in the western world, remains a major cause of illness in developing countries. Epidemiological surveys of hospitalized febrile patients in Jakarta, Indonesia have shown that up to 25% of hospital admissions are due to typhoid fever (1) . Admissions to the Special Hospital for Infectious Diseases in Jakarta consisted of 1,111 cases of confirmed and suspected typhoid during the years 1976 through 1978 and represented 51% of all hospital admissions for the observation of the fever (A. Moechtar Muhammad, The SEAMIC Conf. Semin. 1978) .
Although typhoid fever does not present a well-defined clinical syndrome, its diagnosis in a hyperendemic focus may be made with a reasonable degree of certainty by an experienced clinician. In Indonesia most hospitalized patients with suspected typhoid fever are treated with oral chloramphenicol on an empirical basis after the collection of blood and stool specimens for bacteriological culture. From 1 to 2 days are required for even presumptive bacteriological results, and available serological methods of diagnosis require acute and convalescent sera and are often unreliable (16) .
A number of other diseases may mimic typhoid fever (15) and require specific antimicrobial therapy. In addition, the agents causing the enteric-like illnesses may be resistant to chloramphenicol and other commonly available antimicrobial agents, particularly when the ill-nesses are caused by salmonellae other than Salmonella typhi. Therefore, in addition to exposing patients with suspected typhoid fever to an antimicrobial with significant potential toxicity (10, 18), such therapy may on occasion be inappropriate. Because of these factors it would be beneficial if a method were available that would allow the early and rapid demonstration of S. typhi as the causative agent before the institution of antimicrobial therapy.
This swabs were obtained at weekly intervals, and urine specimens were obtained daily until the patient was discharged.
The blood (3 ml) was added to 15 ml of 10% Oxgall (Oxoid Ltd., London, England) (11) . Two rectal swabs were put into Amies transport medium (Difco Laboratories, Detroit, Mich.) and one into 3 ml each of mannitol selenite (9) and dulcitol selenite (14) salmonella enrichment broths (MSB and DSB) (Oxoid). The specimens were then transported to the laboratory within 1 h after collection, the blood culture and MSB and DSB were incubated for 18 to 24 h at 37°C, the urine was centrifuged at 3,000 x g, and the supernatant was collected and put into the refrigerator until tested. One swab from the Amies transport medium was put directly into MSB, and the second swab was used to inoculate MacConkey (MAC), deoxycholatecitrate-lactose-sucrose (DCLS), and salmonella-shigella (SS) agar media (Difco). This swab was then put into DSB. The sediment from the urine specimen was added to MSB. All cultures were incubated for 18 to 24 h at 37°C. After incubation, all MSB and DSB enrichment cultures were subcultured to MAC, DCLS, and SS agar plates. Blood cultures were subcultured daily, through 8 days or until positive for S. typhi, to MAC, DCLS, and SS agar media.
As many S. typhi-like colonies as were available to a maximum of 10 from each medium were subcultured to Kligler iron, lysine-iron, motility indole-ornithine, lysine decarboxylase, and urea agar media (Difco). Growth was taken from the Kligler iron agar slant, in the five-tube screen, that gave a presumptive S. typhi profile and was used to determine the serological reaction and confirm S. typhi (8) .
Antisera Positive D-, V-, and d-COAG occurred in 59 (97%) urine specimens from 61 patients with culture-proven typhoid fever. Soluble D, Vi, and d antigens were detected in the initial urine specimens obtained at hospital admission in almost every instance. The urine was also COAG positive from 22 patients from whom S. typhi was not isolated but who demonstrated fourfold or greater rises in the Salmonella group D somatic 0 antibody. Although all of these 22 patients were felt to have typical clinical signs and symptoms suggestive of typhoid, the lack of bacteriological confirmation undoubtedly reflected prehospital antibiotic therapy which occurred in >90% of these patients.
The urine COAG test was negative for two patients from whom S. typhi was isolated from the rectal swab cultures. Reduced renal clearance may have been a factor as both patients had elevated serum creatinine levels. A reduction in the glomerular filtration rate and reduced levels of antigen excretion may have resulted in antigen levels below the detection limits of the test.
Early in the course of the study, false-positive reactions randomly occurred with unsensitized staphylococci and NRS-COAG as the negative controls. Microscopic examination of the urine sediments suggested that leukocytes could be coagglutinating with these reagents as the positive control urine specimens appeared to contain more leukocytes than the negative control specimens. Centrifugation eliminated this artifact. We also found that a preadsorption step of adding native or stabilized protein A-rich staphylococci or NRS-COAG reagent to the urine to eliminate nonspecific agglutination greatly reduced the magnitude of the agglutination when the monovalent antisera were later added.
Eight control subjects had positive urine COAG tests. Two of these subjects were found, after repeated stool cultures, to harbor salmonellae (including S. typhi from one who later developed typhoid fever). Therefore, these actually may not represent bona fide false-positive reactions. Although the possibility of a serological cross-reaction between S. typhi and other Salmonella and members of the Enterobacteriaceae exists, further studies are needed to determine what effect this may have when the urine COAG test is used. Each monovalent antiserum reagent gave distinct agglutination in every instance. It is certainly conceivable that the control subjects exhibiting positive reactions were chronic carriers of S. typhi. Their occupations, involving close daily contact with typhoid fever patients and with the excretions and fomites from such patients, placed them at high risk for the acquisition of S. typhi. The bacteriological recovery of this organism from long-term carriers is notoriously difficult as stool excretion may only be intermittent (4, 15) .
The technique of bacterial COAG has been successfully applied in the laboratory identification of various bacterial species (5) (6) (7) 12) . Recent reports have also dealt with the identification of organisms directly from clinical material by this method (13, 17) . The results of this study strongly suggest the additional usefulness of the COAG test as an adjunct in the diagnosis of typhoid fever. Cultures require lengthy laboratory processing, with negative results in >30% of instances. In addition, serological studies, such as the Widal, are dependent upon the previous exposure and treatment of the patient. However, the COAG test is rapid and may offer a sensitive and specific method for the early presumptive diagnosis of typhoid fever.
Our study group consisted of a select group of persons from a high-risk population, and, therefore, the test sensitivity (97%) may be a reflection of this condition (2) . In addition, the specificity could suggest that the COAG test would be inappropriate when testing persons in a highrisk population as, according to the results, 63 out of every 100 nontyphoid fever patients would be presumptively diagnosed as having the disease. If the 16 patients that seroconverted and VOL. 11, 1980 on October 10, 2017 by guest http://jcm.asm.org/ Downloaded from had positive urine COAG tests are included with the bacteriologically documented typhoid patients, then the figure is reduced to 17 out of every 100 giving false-positive reactions. It may follow that the test would be even more specific in a nonendemic area because of less likelihood for exposures and subclinical infections that might result in a positive test.
The specificity of 83% in the control group further supports the idea that exposure and subclinical infections or both may be reflected in the positive COAG tests as all of the positive results came from persons who regularly attended typhoid fever patients. Here again the results suggest that 17 out of 100 healthy persons would be diagnosed as having typhoid fever. If the control group had been reserved for those persons only at the Naval Medical Research Unit, representing a relatively low-risk population, then there would not have been any falsepositive reactions, and the specificity would have been 100%. Until it is determined whether the apparent low specificity is real or is an artifact, based on bacteriological confirmation, the COAG test appears to merit further study as a diagnostic aid, especially as S. typhi was not isolated in this study from 22 patients who had a clinical diagnosis of typhoid fever, a positive COAG test, and who, in 16 cases, later developed the antibody to Salmonella 0 antigens. Also, one out of eight in the control group with a positive COAG test later developed typhoid fever, and the incubation period was such that the COAG test may have detected the antigen during the prodromal stage.
Studies are currently under way to determine the following: (i) the effects that other non-S. typhi infections have on the sensitivity and specificity of the COAG reaction; (ii) how long the antigens can be detected after the institution of effective antimicrobial therapy; (iii) how levels of the antigens (or of the intensity and duration of COAG) vary in relation to the severity of the disease, including the carrier state; (iv) whether the antigens can be detected during the prodromal stage; and (v) whether the COAG test can be used reliably to presumptively diagnose typhoid fever in the absence of other laboratory confirmation.
